R•dar observations of field-aligned auroral F region density depletions (cavities) have been identified in a portion of the Sondre Stromfjord incoherent scatter radar (ISR) data base covering the period February 1986 to January 1988. These "auroral cavities" are nightside phenomena with localized, field-aligned F region density depletions of 20 to 70 percent below surrounding values. They occur during moderate to quiet geomagnetic conditions when the poleward edge of the auroral oval is within view of Sondre Stromfjord. Seasonally, they are a wintertime phenomena occurring just poleward of the statistical auroral oval. Unlike the previously reported '•polar hole," the average width of the cavities is less than 100 kin. Case studies show that the cavities closely track the poleward edge of the most poleward auroral arc. Sequential radar scans show that cavities appear on time scales as short as several minutes, suggestive of local electrodynamic formation or rapid transport. Data from January 24, 1987, collected during coordinated optical, radar, and satellite observations spanning an hour of local time, were examined for possible cavity fomation mechanisms. The cavity fomation processes examined herein include locally enhanced chemical loss, vertical diffusion, drifting horizontal gradients in the background plasma, and evacuation as a result of field-aligned currents. The fomation time scales, calculated evacuation fluxes, dose proximity to E region aurora, and field-aligned current signatures seen in magnetometer and radar observations suggest a strong association of the cavities with upward flowing electrons carrying region 1 downward field-aligned currents.
INTRODUCTION
The Sondre Stromfjord incoherent scatter radar has measured electron density structure associated with plasma dynamics by typically searching for enhancements rather than voids [Vickrey ½t al., 1980; Tsunoda, 1988 Robinson and Mende [1990] also invoke chemical loss in their study of F region density structure that spans a dusk sector E region arc. They show that a south to north F region density gradient will result from recombination acting on plasma that transits a convection reversal at radar zenith.
Unhke auroral cavities, however, their density gradient was not spatially confined to the poleward edge of the E region arc, and was much wider (• 6 ø) than the typical cavity (~ 1ø). Winset et al. tlOSe] reported observations of depletion structure of the same magnitude as those found in aurorM cavities, and attributed them to local ion heating at magnetic midnight. These depl. etions were equatorward of, and again much wider than, the narrow auroral cavities reported herein. Weber et al. [1991] describe an F region density depletion observed directly above an evening sector E region arc. This depletion was observed in the absence of an ion temperature enhancement, collocated with a convection shear and in a region of zero vertical ion outflow. The close association of their F region depletion with the E region arc, while describing a different scenario than that observed for auroral cavities, may be a related phenomena. Rodger et al. [1991] , in their review of ionospheric troughs, raised the question of whether density depressions are the result of plasma evacuation, transport or decay, or are simply a normal polar cap ionosphere "caught between" density enhancements. If cavities result from physical processes that decrease density, rather than being gaps between enhancements, then the background polar cap F region densities (within which cavities are observed) should be well below those reported for ionization enhancements. The background polar cap density of 7.8 x 104 electrons cm -3, addressed in section 2, is a factor of 2 below the typical sunaligned arc densities reported by Carlson et al. [1984] , a factor of 3 below the auroral blob density reported by Tsunoda [1988] , and a factor of 10 below the F region patch density reported by Buchau et al. [1983] . This suggests a depletive mechanism for cavity formation.
The following sections present a statistical overview of cavity observations over a 2-year period and a detailed, multidiagnostic case study, respectively. The measurements made during the January 24, 1987, case study will be used to assess the relative efficiency of four cavity formation mechanisms.
OBSERVATIONS' AVERAGE MORPHOLOGY AND OCCURRENCE PATTERN

Description of Data Base
The data base of Sondre Stromfjord radar elevation scans made in conjunction with overflights of the HILAT and Polar BEAR satellites is well suited for the study of auroral cavities. For an average of four campaigns each month, the radar performed a set of elevation scans in the magnetic meridional and east-west planes. Each campaign ran for approximately 4 hours centered on the satellite overpass. The 5-rain meridional scans were made approximately 50 percent of the time during each campaign. For maximum time resolution the radar often executed alternating southto-north and north-to-south scans in a "windshield wiper" motion. This high time resolution was particularly useful for observations of cavity formation and their subsequent evolution. The five minute scans over 120 ø of elevation were integrated in 10 s intervals to give 4 ø angular resolution. At 300 km altitude the resultant arc length of 20 km is comparable to the ~ 50-kin range resolution and gives reasonably "square" sample resolution at F region altitudes. This large data base also makes possible the comparison of radar data with occasionally coincident satellite UV imager, total electron content (TEC) and magnetometer measurements. Such a comparison will be exploited in the case study of section 3.
Selection Criteria
A search was made for auroral cavities within the approximately 1500 individual radar scans that make up the HI-LAT/Polar BEAR radar data base. Meridional scans which contained F region ionization alone, as well as daytime scans showed no evidence for auroral cavities. Nightside scans which contained auroral E region ionization were then selected for close inspection. Scans with field-aligned cavities were selected by eye with the criteria that the depletions should be at least 20 percent below the surrounding polar cap F region density. Quite often the cavities were in close proximity to a structured polar cap F region, making the determination of relative percent depletion difficult. Therefore scans with significant density structure such as drifting blobs, patches and polar cap arcs were excluded in order to insure a relatively unstructured polar cap F region. Because of the ubiquity of such structure, this criteria ehminated many scans. However, for 29 of the remaining radar scans, cavities were either visible during the first elevation scan or formed during the course of the experiment. Figure   2b . These overlays emphasize that observations of auroral cavities are at the equatorward boundary of the statistical nightside polar cap. The requirement that both auroral E region and polar cap F region ionization be present at latitudes visible from Sondre Stromfjord is a de facto selection of low to moderate geomagnetic activity. for multiple scans, it is possible to calculate how the average TEC changes over the scan time of the raAar. Each radar scan was overlayed with a magnetic coordinate grid from the PACE geomagnetic model [Baker and Wing, 1989 ] and electron densities were averaged between field lines spanning the cavities over an altitude range from 100 to 600 km. A pre-formation TEC was determined from the radar scan prior to the cavity observation. The difference between the current and previous TEC is listed in the eighth column of Table 1 along with the time between radar scans in column 9. Some TEC differences are positive due to E and F region aurora "turning on" between radar scans with no discernable cavity evolution. For those scans with apparent cavity evolution, the TEC decrease, taken together with the time between radar observations, is expressed as an evacuation flux in column 10. These fluxes will be addressed in the context of flux tube evacuation in the discussion section. There is no apparent optical signature of the cavity due primarily to the sensitivity of the imaging system. The airglow intensity from dissociative chemistry within the adjacent polar cap F region is calculated to be 150 R, and reduces to 135 R within the cavity. A firm association of auroral cavities with downward fieldaligned currents cannot be determined from such a limited case study; however, the satellite overflights emphasize that cavities are a boundary phenomena probably associated with the transition from upward region 2 to downward region I currents near magnetic midnight [Iijima and Poremrs, 1976] . In a study of six Triad satellite overflights of the Chatanika radar in the morning sector, Senior et al. [1982] found that the transition from upward region 2 to downward region I currents is collocated with the poleward edge of E region diffuse aurora; there is also a small field-aligned 
The composite loss rate/3 (s -•) for these two reactions is given by larger than that estimated by the empirical models, it seems impossible to reproduce the observed cavity formation time with chemistry alone. Moreover, it is difficult to explain why this thermospheric cause would be so localized (• 80 km).
Diffusion Effects
Field-aligned ambipolar diffusion can provide sufficiently large plasma escape fluxes for cavity formation provided there are localized Ti enhancements. Cross-field diffusion, on the other hand, acts in a manner similar to production: that is, it would work to "fill in" the cavities near the strong horizontal gradients at the edge of the auroral oval. For both processes, the diffusion coefficent D and gradient scale length L, must be determined in order to calculate the char- However, the discrepancy may also be due to the small scMe
CONCLUSIONS
The present study of auroral ionospheric cavities describes narrow field-aligned density depletions in both a statistical and a case study framework. The average location of these cavities is at the poleward edge of the nightside auroral oval. In the case study examined, the cavity marks the boundary between a region with highly structured field-aligned current pairs and a region with less structured, predominantly upward field-ahgned currents. From an overflight of the Polar BEAR satellite the cavity is observed to be embedded in a region of downward current (upward moving electrons). The observation of regions with enhanced radar backscatter and associated distorted spectra above the auroral E region and in the vicinity of the cavity make fieldaligned current evacuation an attractive explanation for
